AIDA is an interactive educational diabetes simulator which has been made available without charge on the Internet. Since its launch on the World Wide Web in 1996 over 87,000 people have visited the AIDA Website-http://www.2aida.org-and over 22,000 copies of the program have been downloaded from there free-of-charge. The AIDA software is believed to be of use in recreating clinically realistic diabetes situations for interactive simulation. However, despite its widespread application, its actual utility for supporting the education of patients with type 1 diabetes mellitus remains to be objectively demonstrated in a clinical randomised controlled trial (RCT) setting. The current "Diabetes Information Technology & WebWatch" column overviews a prospective RCT methodology for formally evaluating the educational utility of an interactive diabetes simulator, like AIDA. The protocol makes use of two study arms-each receiving different educational interventions. During lessons, arm A of the study will be exposed to the AIDA simulator (the active intervention), while arm B (the control group) will benefit from conventional educational methods using standard presentations with slides and transparencies. Six lessons will be held for each study arm (one per week). At the beginning and end of the study self-monitoring blood glucose (SMBG) data will be collected, details of any hypoglycemic episodes recorded, and assessments made of glycosylated hemoglobin (HbA 1c ) levels. Participants will also be required to complete a detailed questionnaire to assess their self-confidence, quality of life and metabolic control, attitudes towards SMBG, and knowledge about insulin dosage calculation. Comparisons will be made between arm A and arm B using unpaired statistical analyses. A partial cross-over study design is also proposed whereby subsequently the control group will be exposed to the AIDA simulator during a further 6-week course of lessons. This will ensure that the maximum number of subjects will eventually receive the active intervention, and will also allow further within group paired analyses to be applied (with greater statistical power). This current "Diabetes Information Technology & WebWatch" column documents two of the questionnaires which are intended to be used for this RCT approach. 293 
PROTOCOL AND SUBJECTS
T HE PROTOCOL has been described in detail elsewhere. 1 Briefly, outcome measures which this protocol is intended to evaluate are set out in Table 1 . To demonstrate an improvement in these we have proposed a randomized controlled trial (RCT) methodology consisting of conventional education sessions versus computer-simulation sessions, with a partial cross-over design to maximise the numbers of subjects exposed to the diabetes simulator. Using such an approach, both between group and within group comparisons and statistical analyses will be possible. Figures 1 and  2 summarize the overall study design.
Inclusion and exclusion criteria for the study have been summarized elsewhere. 1 For the initial evaluation study, we are planning to enroll adult subjects with insulin-dependent (type 1) diabetes, and randomly assign them to one of the two study arms (arm A: simulator; arm B: conventional education [control group]). However, for later studies, we may also involve patients with insulin-treated type 2 diabetes mellitus, as well as possibly diabetic adolescents/teenagers.
PRE-RANDOMIZATION (BASELINE) PHASE OF STUDY
The pre-randomization (baseline) phase of the study is summarised in Figure 1 . Upon recruitment, all subjects will be asked to keep a log of any symptomatic hypoglycemic episodes, and collect their self-monitoring blood glucose (SMBG) data for 1 week before breakfast (fasting) and 2 h after lunch and dinner. Subjects will only be included in the study if they have collected at least 75% of the SMBG data requested. The patients' logbook entries can be cross-verified with the memory from their reflectance meter, as required.
After this, subjects will be randomly assigned to either arm A or arm B of the study, using a process of stratified randomization that takes into account hypoglycemia/low blood glucose risk and the glycosylated hemoglobin (HbA 1c ) level. The purpose of the stratification is to ensure that arm A and arm B of the study have similar numbers of subjects in relation to key variables that might influence outcome. Therefore subjects will be stratified into four groups according to (1) low HbA 1c level, low "hypo" risk; (2) high HbA 1c level, low "hypo" risk; (3) low HbA 1c level, high "hypo" risk; and (4) high HbA 1c level, high "hypo" risk ( Fig. 1) .
For the purpose of stratification each subject's individual HbA 1c level will be assessed as the average (arithmetic mean) of their previous 12 months' HbA 1c data; a low HbA 1c being defined as less than the median (50 th percentile) HbA 1c level for the whole cohort, while a high HbA 1c is defined as greater than or equal to the median HbA 1c level of the cohort.
"Hypo" risk is categorized based on the 1 weeks' SMBG data collection; high "hypo" risk being defined as any symptomatic hypoglycemic events or recorded SMBG data less than 70 mg/dL (3.9 mmol/L) during that week. For the purpose of this study, low "hypo" risk is defined as no symptomatic hypoglycemic episodes and recorded SMBG data greater than 70 mg/dL (3.9 mmol/L) during that week.
Method of randomization
In order to ensure complete separation of subject recruitment and study execution from the randomization process, an external randomization service has been set up via the AIDA Website (at http://www.2aida.org/random). This allows subject details (patient name, hospital/study number, gender, age, number of symptomatic "hypos" and average HbA 1c (incorporating a random number generator) it will be possible for this co-investigator to independently randomize participants either to the AIDA or control groups; randomization codes being returned to the referring physician/nurse by email.
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In this way, there should be a complete division between the recruitment, enrollment, and teaching of subjects, and their initial randomization to either arm A or arm B of the study. The questionnaire aims to determine the main outcome measures (see Appendix 1) . (3) In addition to completing the questionnaire, the subjects will also be requested to complete a diary with fasting, preprandial, and 2-h postprandial blood glucose data. HbA1c HbA 1c will be sampled prior to the start of phase 1 and 1 month after the end of the last lesson. Furthermore HbA 1c will be measured 1 month after the end of phase 2 for the subjects in arm B. (4) The delay will allow resampling of HbA 1c levels in the cross-over subjects and also reduce any "carry-over" effect on blood glucose levels-from the conventional lessons (phase 1) to the simulator-based lessons (phase 2). The final HbA 1c for arm B will be sampled 1 month after the end of phase 2, about 20 weeks after the first sample. 
MAIN PHASE OF STUDY
The main phase of the study is summarized in Figure 2 . Just before entering this phase, the enrolled subjects will have their baseline HbA 1c measured, and they will fill in a study questionnaire. This questionnaire is documented in Appendix 1.
Interventions
The two arms of the study will receive different interventions. Arm A will use the AIDA simulator as described below, while arm B will benefit from conventional (standard) educational methods (verbal communication with slides and transparencies). The aims of the lessons provided to the two study arms will be identical, as outlined in Table 2 .
The study subjects will be randomized into groups of six subjects each (with multiple groups planned). All the study subjects will be asked not to use the AIDA simulator on their own to avoid the possibility that one "over-performer" can lead the group-or that the results can be biased in any way-for instance by someone in the control group (arm B) accessing the simulator at home.
Before the start of the main phase of the study, all subjects will be asked to bring with them to lessons their own SMBG data, insulin regimen, and carbohydrate intake details-for possible use during classes. At the end of each lesson, subjects will be given a short, separate generic one-page questionnaire (documented in Appendix 2) to complete regarding their thoughts on the lesson, and whether they felt that they benefited from it.
All subjects will go through six lessons, one each week. In the description of the two study arms which follow, more detail is given about the simulator arm (arm A) simply because this is the novel intervention being tested. However, it is intended that the duration of the lessons should be the same for both study arms (approximately 65-70 min).
ARM A (SIMULATOR ARM): PHASE 1
The participants will not interact directly with the computer-rather the teaching experts will serve as "wizards" or facilitators undertaking all interactions with the computer. This will circumvent any problems if the participants are not computer-literate or confident to use a computer themselves. Also this approach should help to avoid any "learning curve" effect where it takes the study participants a number of lessons to become fully familiar with the program's functions.
For all simulation lessons, two computer screens will be made available-linked to the same PC-ensuring that all study participants will have a good view of the computer displays. At the end of each lesson, the number of simulations run during that lesson will be recorded. The topics to be covered during each lesson are summarized in Table 2 .
ARM B (CONTROL ARM-CONVENTIONAL EDUCATION): PHASE 1
For this group, the content of a standard textbook will be used as a reference. 2 The principles are the same as described above for arm A and the topics will be the same as set out in Table 2 , but this group will not use the AIDA simulator.
The general scheme of these lessons will involve conventional (standard) education sessions on a given topic, using slides and transparencies-followed by discussion and questions-and then a recap. As for arm A, at the end of each lesson participants will be given a short, generic one-page questionnaire to complete regarding their thoughts about the lesson. 
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CROSS-OVER PHASE: PHASE 2
At the end of the control arm (arm B-phase 1) there will be a gap, once phase 1 is complete, of 4 weeks, following which the subjects will complete the study questionnaire, have their HbA 1c re-measured, and then enter the crossover phase of the study. This will entail a further cycle of 6 lessons, exactly the same as arm A (with the simulator).
The purpose of this partial cross-over phase is to expose the control (standard education) group to the simulator-and therefore increase the final sample size actually receiving the active intervention. In addition to allowing between group analyses-this approach will also allow further comparisons to be made within groups of the same subjectsand therefore allow more paired statistical analyses to be used, with their associated greater statistical power.
FINAL OUTCOME MEASURES
At the end of the study, after the interventions (both of phase 1 and phase 2), the participants will be required to:
1. Collect SMBG data for 1 week, before breakfast (fasting), and 2 h after lunch and dinner. 2. Have their HbA 1c measured (1 month after the end of the intervention). 3. Provide a record of any symptomatic hypoglycemic episodes during the course of the study. 4. Complete the main study questionnaire (see Appendix 1)-to assess their self-confidence, and well-being (rated on a scale), together with their knowledge of "what-if" type problem solving in diabetes care. An additional page of feedback comments will be sought from the participants in the simulator arm (arm A) concerning what they thought about the AIDA simulation software. 3 The recording of symptomatic hypoglycemic episodes will be differentiated from biochemical "hypos" (recorded low BG levels less than 70 mg/dL [3.9 mmol/L]).
STUDY LOGISTICS
It is well recognized in education that the smaller the class size the greater the educational opportunity that can be offered to participants. For this study, class sizes also need to be kept small in order to allow each of the subjects to present their own data during one of the six simulation lessons. For this reason the class size will be limited to six subjects per class for both arm A and arm B. It is intended for subjects to have one lesson per week-so it will take 6 weeks to run a complete course of 6 lessons.
Due to local time constraints and the availability of teachers, it may be necessary to run only one lesson for arm A-and one lesson for arm B-each week. This means that more than one 6-week course of lessons will be required to get all the recruited subjects through the lessons.
DISCUSSION
To evaluate the impact of education sessions with an interactive diabetes simulator on the well-being and short-term and intermediate metabolic control of patients with type 1 diabetes, we have designed a study protocol using a rigorous and transparent methodology.
The approach overviewed above, and described in detail elsewhere 1 combines a prospective, randomized controlled trial with a partial cross-over design to maximise the number of subjects exposed to the simulator. The biggest limitation of this approach is likely to be the availability of teachers and the time required to actually run the lessons. Subjects will also need to be motivated as they will need to commit to 6-12 weeks of lessons. However they do benefit from useful education sessions with conventional lessons and/or a simulator, so that should hopefully be enough to motivate them.
It should be self-evident that interactive simulations such as those highlighted here only provide one aspect of the education required by patients with diabetes. It is quite possible to envisage a study-which incorporates components of the randomized controlled trial described above-as part of the assessment of more standard educational diabetes interventions. In this respect, it will be important not to restrict this protocol to use just with a teacher and 1-h clinic lessons.
For instance, it is well recognized that there are not enough resources (trained diabetes educators, money, facilities, etc.) available for patients to be seen in clinic as often as might be regarded as ideal. For example, in the Diabetes Control and Complications Trial (DCCT), 4 patients in the intervention group were seen fortnightly and often contacted by telephone weekly. 5 One issue appears to be whether information technology tools might be able to assist in bridging part of the gap between what was available in the DCCT versus what is usually available routinely in day-to-day clinical practice.
Therefore, other questions that we might wish to address in future evaluation studies include the following-does allowing a patient access to an interactive educational simulation program in between formal visits to a diabetes educator or clinic improve knowledge, confidence, self-management skills, or glycemic control? To be able to judge whether such software can help in this role requires a rigorous evaluation methodology. 1 Initially, we are trialling the approach described above in a hospital clinic setting. However, longer term, it is not difficult to envisage that the basic methodology of the questionnaire approach-combined where necessary with appropriate recording of clinical (biochemical) data-could be equally applicable for patients with diabetes using the simulator on their own at home, 6 between clinic visits, or even possibly for health-care student evaluation (e.g., with medical, nursing, pharmacy, or diabetes educator students) who make use of the simulations for their own education.
APPENDICES
Three questionnaires have been adopted for this randomized controlled study.
Appendix 1 provides the main study questionnaire which is divided into seven sections-covering baseline questions, plus questions about (1) patient self-confidence, (2) quality of life and metabolic control, (3) social and emotional impact of diabetes on lifestyle, (4) attitudes towards SMBG, (5) prior knowledge about diabetes, and (6) "what-if" type questions and knowledge about insulin dosage calculation. This questionnaire is based in part on questions from the Diabetes Care Profile, from the Michigan Diabetes Research and Training Center. 7 Appendix 2 gives a second generic one-page questionnaire that has been developed for use at the end of each lesson. This is intended to establish if the participants felt more confident with the information provided during the lessons, and to get them to rank the information provided on a Likert scale from "not at all useful" through to "very useful." Participants are also asked what areas they felt were not adequately covered by the lessons-allowing them to offer feedback.
The third questionnaire-intended for completion by participants at the end of arm A of the study-after they have been exposed to the AIDA simulator has been documented in the previous "Diabetes Information Technology & WebWatch" column. 3 This contains 11 questions to establish what the participants thought of the simulator, and to identify ways in which they see the simulations being applied more widely in routine practice. 
